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1.0. INTRODUCTION

This final report, prepared by the U.S. Army Tank-Automotive Command
{TACOM) , Engineering Data Directorate, Technical Data Division,
Packaging Branch, is an evzluation of TACOM's polyurethane foam
par.aging capability in providing Level A, water vapor protection to a
major assembly. The test included an assessment of the MIL-3STD-129,
Level A marking requirements applied to a fiberbosrd surface and exposed
to the cutdoor enviroumwent.

Ons of two large-item, total-encapsulation, polyurethans foam pack
designs used at TACOM includes a top which consists of polyursthane
along with a wood frams. Thias polyurethans foam puck, when properly
produced, uas designed to not allow water penetration. However, there
have been sporadic reports, over the past 10 years, of water penetration
taking place when the packs are storad ovutside expesad tc the elewments.
For this reason; the test described in this report was conducted.

The polyurethane :iam used in our designs conforms to MIL-F-83671,
Class I, Category II, 2 lbs/cu ft density, with tensile strongth,
molzture vapor perasability, and olil-resistant properties specified.
This specification replaced MIL-P-21529, Class 1, polyurethane foau.

2.0. OBJECTIVE

The primary objective of this environmental test was to svaluate the
sbility of the total-encapsulation polyurethane foam packaging to pro-
vide (Level A) protection to a major assembly over su extended outdoor
storage period when packaged to TACOM requirements.

3.0. CONCLUSIONS

Tue (Jddition of a plywood top and a change in the design of the top
frame improves the quality of the polyurethane foam pack. The new
design provides greatear strength, isproved reliability, and reduces the
probability of wster penstration to the item if the polyurethane foanm
barrier is damaged.

' The use of labels on the fiberboard is unacceptsble because the labels

do not adhere to the fiberboard for any extended period when exposed to
the slements.

The totzl sncapsulation polyurethana foaw pack mests all the require-
ments for Lavel A protection needed to protect TACOM parts against the
=203t savere worldwide shipment, handling, and storage conditions.

JERUE




4.0. RECOMMENDATIONS

All polyurethane foam-in-place (FIP) packaging data sheets that call for
the wood frame top with foam exposed to the slements should be updated
to incorporate a plywood top cover with a redesigned frame.

The Arxy Materiel Command (AMC) should establish a new method of protec-
tion for inclusion in MIL-P-116, polyurethane foam, total-encapsulation,
technique VII of MIL-F-85216.

All special markings shall be limited to stenciling, printing, or silk
scresuning per MIL-STD-129.

5.0. DISCUSSION
5.1. 3Background

In June 1983, it was decided to conduct an extended cutdoor

storage test of one metal and two polyurethane packs containing 6V53
engines to aaseass TACOM's polyurethane foam packaging capability in pro-
viding Level A, water vapor protection. The condition of these engines
over the period of the teast was to Ge used in appraising the adequaty-
ness of the polyurethans FIP pack as a Level A pack.

The test was initiated because over the last 10 yeursa we have
experienced several deficiency reports on FIP packs. Our extensive
investigation of deficiencies in the total-encapsulation polyurethane
foam pack ravealed that diacropancioa were caused by rare ooccurrences
such as: _

e Zoam Properties not meeting specification roquirolnnts
No low/high temperature stabilizera

Low compressive strength

Low density

Open cell content greater than 10 percent

Poor tensile strength

Friability

e Foam Fackaging Horknanship not --ting specification
requirements
- Small void openings (pockets) on the top of the pack
vhere water asoupsulates, freezes, melts, eto., result
in expansion, which causes the foam cells to orsck
and causes water to seep down into the pack.

~ Poor knit lines between successive pours (with occlu=-
sions=, cracks, and separationa) result in additional
cracks aad causes waler to sasp into the pack.

- Small (pin) holes in the top, which open like a funnel
dwn to the item in the pack, also result in water




ssepage into the pack. These pin holss are normally
caused by inadequate filling of the container, or an
attempt to pour too much foam at one time.

¢ Handling and Storags
« Personnel open the pack for inspection and then try to
reseal the foam pack for storage. PResealing a pacl: that
has been opened is almost never successful and is not
considered acceptable.

- Personnel probe the foam with pencils, pens, knives,
etc.

- Personnel drive a forklift's tines intq the side of the
pack. This is a hazard of all packs, even metal con-
tainers.

The intent of ocur test program was to assess whethor, when specification
polyurethane foam is used, and when corirect procedures are followed for
the packaging of supplies using the FIP, total-encapsulation technique,
the preservation and packing will protect the items encapsulated againat
direct expoasure to extremss of climate, terrain, operational transpor-
tation enviroaments without protection other than that provided by the
pack. One additional purpose of the test was to determine if thore
would be any benefits to Ve derivad frowm adding a protective cover to
the open polyurethane top currently in use. We wanted to assess the
cost benefit of increasing the protection to neutralize sone of the
discrepancies that had bueen identified.

The study began with tho selection of three engines: Marine Engine,
serial no. (S/N) 5121113, Military Engine, S/N 5135029-30. and
Commercial Engine, S/N 5135029-114.

Marine engine S/N 5121113 was placed in a reuseables metxl containsr
(controlled breather). See Figures 5-1 through 5-3. This metal con-
tainer was used as a control and the humidity indicator, standard in
this type of package, was monitored. Two other (V53 engines, commercial
engine S/N 5135029-14 (Figures 5-4 through 5-6) and military engine S/N
5135029-20 (Figures 5-7 through 5-10), were packed in polyurethane fosu
uaing requirements on Packaging Dsta Sheet PN 8738127 (see Addendum).

All three engines are condition Code F materisl. No internal pressr-
vation was provided. Tha rocker arm shaft under tha valve covers was
cleaned with emery cloth and wiped with a c¢lean cloth. The right shaft
was coated with preservative MIL-L-21260, grade PE10-l, and the left
side was coated with MIL-P-26002. The flywheels were cleaned with emery
cloth and wiped with a clean cloth. Ome~third of the flywheel area was
coated with praservative MIL-L-21260, grade PE10-l, ons-third was coated
with preservative MIL-P-46002, and the remaining third was left unpre-
served. The three segments were separated with tape.



Figure

5-1.

Marine Engine 5121113
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Figure 5-2.

Marine Engine
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{b) Bottom

Figure 5.3, Views of Marine Engine
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Figure 5-4.

(b) Opposite End

Commerciai Engine 5135029-14
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Figure §-5,
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Commercial Engine

ght Bank
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(b) Bottom
Figure 5-6. Commercial Engine
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Figure 5-7.

Military Eagine Serial No. 5135029-20
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Military Engine Serial No. 5135029

Figure 5-8,
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Figure 5-9.

(a) Left Bank
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(b) Right Bank
Military Engine
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Figure 5-10.

{b) Bottom Vi
Military Engine
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Engine S/N 5135029-18 was packed on 5 Sep 83 and was ccvered with a
piece of 3/8-inch plywood, grade AC, with extericr glue in accordance
with federal specification NN-P~530. Plywood wss nailed to the l- by
b-inch top frame with &D, l}-inch long, bright, flat-head, moth-shank.
box nails, type II, styls 42 of FP-N-105.

Engine S/N 5135029-20 uas packed the following day and the bare top
polyurethane foam was partially coated. Approximstely cne-fourth of the
tcp foam uas comted with a one-part-polyurethane paint conforming to
military specification MIL-C-83286 (a dark grey paint), snd snother onre-
fourth uwas coatsd with a two-part-polyurethane paint conforming to mili-
tary specification MIL-C-81773 (a light grey paint). The remaining half
of the open top was laft exposed to the elemsnts.

Two stindard FIP instruction labels were glued to tle fiberboard shells.
A stencil of the instructions was alao placed on the shells. Both of
the FIP standard inatruction labels and one-half the stenciling were .
coated with sodium silicate aolution (0-5-605).

5.2, 'ruting of the Labels

A apin-of?f study was also conducted on our marking requirements because
depots were cowplaining that all the reusagbility and opening instruc-
tion labels on the FIF packs were falling off. We wanted to kncw why.
The test consisted of two standard paper labels sgated with sodium
silicate, twe plastic ladbels and two ink stencils of the special marking
requiressnts--one coated with sodium silicate and one umgoated. ‘

All three picks were placed cutside at TAC(M on 7 s.v 83. Ono waek
later, the packs' labels were exsmined. By this time, <ng papir label
was already looss. The sodium silicate coating turned fi .~ clhar to

On 21 3ep 83, both top FIP instruction lebels were gone, one-half of
each of tho paper labels wes gone and the plaatic'ladbels vere coming
loose at the edges. One week aftar that, one FIP lower inatruction label
wais one~-quartar off, The sodium siliocate coating was cracked and

flaking off of all the aress vhere it was applied. It appeziwd that the
coating wase trapping moisture on esch ladbel and atencil, causing wore
deterioration of the labels and the stencils, rather than protecting
thes. .

At the ¢nd of a month cutsice, the lower FIP inatruction lab¢ had bloun
off and both papar labels wers thres-quarters looss. The pli.tic labels
were three-quarters locse and the nails were pulling looas on the
plywuod top. DBoth fiberboard shells had started to bleach frow the sun
C*NI\!N.

On 9 Nov 83, only one paper laobel (one-fourth adhersd), one FIP
instruction libel (one-third adhered), and one plastic label remained.-
The mavrking requiremsnts t¢hit were stenciled directly to the fiberboard
without protsative coating fared the best.

20
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5.3. PFabrication of Altarmiate Tops

In May 88, it was decided to fabricate two alternate tops and frames for
the FIP packs. (The previous November, when the packs were checked, the
top plywvod had shown weathering and warping. The painted coatings on

the foam appeared to havy provided no visible improvement over the bare
foam (sse Figure 5-11). The humidity indicator on the metal container

had stayed blue, which meant the huaidity inaside the container stayed
below &0 percent. Oa 1M Dec 83, the three packs were rotated 900, The -
fiberboard contirued a slow bleaching. The plywood top continued to

werp and more nalis pulied loose as shown in Figurs 5-12.)

The Ifzbrication of the two alternats tops involved foaming two new,
sealler packs, 36 inches by 36 inches by 6 inches. One had & 2- by
4-inch nominal frams, and the other had & 2~ by 2-inch nominal frame,
with boards nailed to the edges of the top of the frame. This type of
construstion left a large open area in the middle top of the pack.
During the pouring of the polyurethans into the box it was obvious that
it was going to bs easier to fill the voids under the 2- by 2~inch noml-
nal frame, due to the lurge opening in the center of the pack and the
ssallar area covered by the wood in the corners.

The fi-ames consiated of two boards, 35 3/4 inches long, and two boards,

32 374 inches long, nailed to the inside of the fiberboard shell as
illustrated in Figure 5-13. A 3/8-inch-thick plywood top was then

nailed to the framer, on one pack with 2-inch-long nails from an automatic
nailer 6 and on the other with 1 7/8~inch, 6d, chemicsl-etched naila.
Nails were in a staggered pattera, 3 1nch.s apart in alternats rows, 6
inches apart in each row on one pack; 6 inches apart and atasgorcd un

‘the other pack. Both packs were put out-idc on 18 May 8%,

.4, Paok Humidity -Test

On 31 May 8N, pictures were taken of original polyurethane pascks outside
(Pigure 5-14). The pack with the plywood om top (containing eagine S/N
5$135029-14) was brought iunside to see if by drilling a hols in the pack
through the side we could read the tempersture and relative humidity
inside the pack. The results ware a complete lfailure. It appeared that
the lack of air circulstion within the pack preveanted any type of
acourate readings with a probe that went 5 inches into the pack. The
pack was then opened, examined, and the engine was removed and
inspected. (See Figures 5-15 through 5-18.)

5.5. Engine - Repack

The pack containing engine S/N 5135029-14 was refoamed on 22 Aug B4
without any represervation ol the engine, because there was no corrosion
viaible on the 'ngine. The plywood top was secured by a bond which
formed between the polyurcthane foam and the plywcod. No nails uere
used to sscure the top. It was impossible to tell if the pack was
conpletely filled with foum. The pack uss placed outside or 23 Aug 84,
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Figure 5-11,

(b) Plywood Top

Closeup oF Weathering Packs
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(a) Without Top
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(b) with Top

Outdoor Weathered Packs

Figure 5-12.
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TOP FRAME I™ « 2° NOMINAL LUMBER

(a) Inner Frame

(b) Plywood Nailed to Inner Frame

Alternate Plywood Top Design

5-13

Figure
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Figure 5-14. May 1984, Outdoor Weathered Packs
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Figure 5-15. Comslercial Engine Pack Opened May 19u4
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Figure 5-16. Commercial Engine Being Removed fram Pack
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Figure 5-17. Top Half of Pack--Inside View
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Figure §-18.
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(b) Right Bank
Commercial Engine in May 1584
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‘In Sep 85 the packs were rotated 180° and it wus noted that the fiber-

2 B < >y =

‘the fiberboard on one sid2 of the oldust pack (mee Figure 5-20). There %

orushing sows of the foar (see Figure 5-21 and %-22). The cause of this
-;MQ u nmox'cm but umhau bses due uamo

The other paok, which con*ained engime S/H 5135029%1'. alsg showed signs
o ~of weathering. The plywood banded or top was warped and had some delam-

board shell to the bass wers lcose and the mm-boml had.pulied away
fml the bree (ves Figures 5-23 and 5-2&).

Thess two packs ware opened 9u 16 Apr 86 and the coutents were sxamined
for rust, corrvaion, or other damugs. NHo demage or sorroeion of either

Durlug the next wonths Liie packs waire wabtohsd Sloaely with no signifi-
ennt problems noted other than the plywood top of the pack containing
engine S/N 5135029-14, which was slowly pulliug &way from the
polyurethane until a wind storm in May 85 blew the top ofi. She pack
wus brought 1ivside znd inspected for external dunao. It wes noted that
there were no vlaiblo voids in the polyurethane ¢n the top and the same
plece of plyuood- was put back on the pack and secured in place with two
metal bands (swe Figure 5-19). The pack was plaoed outsidq tho sans

board oni the one pack that had beed ocutside for 2 years (the pauk con-
talning ergine S/W 5135029-20) bad started to delaminate in gne place.

5.6. FIP Peck. Evaluation

Both of the larger FIP polyurethane foam p.aok‘a wire moved inside on
8 Apr 86 and examined. There was a conzideruble amount of delamination of

vas also & pungture in the side of this pack; somethiog heavy bad been
dropped on top of the pack, bresking the l- by ¥-fanoch top freme and

ination of (he umh Gt the edges. The nails that held the fider-

engine wes found. Tigures 5.25, 5-26 and 5-2T7 show the commarcial
engine, S/N 5135029-14, after rewoval from tha paci. (Thic is the engine
that was repacked in 19811 } Figure 5-28 shows the military engine,

S/N 5135029-28, after tis top half of the foen pack wa3 reMoved.

Figure 5-29 shows s closeup top of tho engine, showing no deteriorstion.

At this time, both of the small packs with the twd variations in top
frames disappesred. Both packs had besn examinad the previcus wonth,
Mer 85, with nothing to report outside of some bleaching of the fiber-
board and very ainor nail popping. !

5.7. Metal Cormtaliner.Control Evaluation

The metal container was 3l1s0 opened and the eligine was remcved. No
corrosicn was visible.

e
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Figure

5.190

Plywood Top Banded to the Pack
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R Figure 5-20. Xilftary Engine Pack, Outside 3 Years
I
bl
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Figure 5-21.

(b} Top View

Damaged Top of Military Engine Pack
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Figure 5-22,

Closeup of Demaged Areas
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Figure 5-23. Wsathered Commercial Engine Repack
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Figure 5.24.

- L4

Fiberboard Shell on Commercial Engine Repack
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Figure 5-25.

Commercial Engine After Test
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(b) Right Bank

Figure 5-26. Commercial Engine After Test
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Figure 5-27, {loseup of Commercial Engine AF¥ter Test
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I I Figure 5-28. Weathered Military Engine With Top Half of Pack Removed
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Figure 5-29. Closeup of Military Fngine After Test
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